To compare chronic physical stressed with normal tense animals regarding implant osseointegration in the rat mandible.
Introduction
The scientific community states that stress is one of the major risk factors contributing to the onset of disease 1 .
Currently, this condition significantly affects a large portion of the population, irrespective of age, gender, or social class 2 .
Chronic stress is related to physical 3 and emotional 4 disease.
One of the most studied cases related to the etiopathology of stress in dentistry is that of experimental models involving the periodontium of rats 5 .
Dental implants have evolved considerably and include immediate-implantation techniques. However, certain components, such as the implant surface, bone quality, patient habits (such as smoking) and diabetes mellitus 6 can affect the success of osseointegration 7 .
The deleterious effects of chronic stress during the early stages of tissue repair are well known 8 . Therefore, the present study aimed to elucidate the process at two stages of osseointegration, one at 18 days, halfway through the cycle of alveolar bone formation in rats 9 , and the other at 33 days, in newly formed bone 10 . The purpose of this investigation was to compare dental implant osseointegration into the mandible of rats submitted to the effect of chronic stress with that in the mandible of rats not submitted to such stress.
Methods
The experiment was approved by the Ethics Committee all animals were subjected to an adaptation period and were put in housing cages that were made of plastic and sterilized shredded paper on the floor.
The feed consisted of standard rat chow and water, both ad libitum, throughout the study period. The animals were subjected to a 12-hour light/dark cycle (automated) and controlled temperature and humidity of approximately 24°C and 60%, respectively.
All procedures in this phase of the experiment were performed under general anesthesia by means of intramuscular injection of a combination of 0.1 mL of ketamine hydrochloride and 0.05 mL of xylazine hydrochloride for each 100g of body weight. This process was followed by plane-by-plane dissection until the mental foramen and neurovascular bundle were located.
The mandibular canal was subsequently emptied, and a cavity was prepared in the canal lumen with spear drills, followed by a 2.0- Eighteen days postoperatively, nine rats in SG-18 and nine rats in CG-18 were euthanized by an anesthetic overdose.
Thirty-three days postoperatively, the other animals (SG-33 and CG-33) were euthanized following the same procedure.
Prior to euthanasia, which was performed by an anesthetic overdose, the final weight of each animal was measured. Then, using a 10-ml syringe with a 25 x 7 needle, a 7-ml blood sample was collected by cardiac puncture without anticoagulant to measure cortisol levels. The cortisol levels for each animal were measured by the electrochemiluminescence method using the Roche® Cobas E -411 analyzer (Roche ® , Basel, AG, Switzerland). After collection of the blood, the mandibles were stored in a container with 10% formalin.
After histological processing, the polymerized resin blocks containing the specimens were sectioned along the implant axis using the Exakt ® System (Exakt Apparatebau, Nordestedt, Hamburg, Germany). The exposed surface of the section had an approximate thickness of 70 μm and was subsequently stained with 1% toluidine blue. A histometric analysis was performed using a Leica DMLB Microscope Initially, the data normality was tested using the Kolmogorov-Smirnov test, which has a Gaussian normal distribution curve. Student's t parametric test for independent samples was selected (IBM SPSS Statistics version 20, Armonk NY, United States). A difference was considered statistically significant if p<0.05. For better reliability of the data, the slides were analyzed by an examiner who was blinded to the groups involved in the study. This examiner was trained to understand the histological structures involved.
Results
During histological processing, eight specimensspecifically, two from each group were lost.
The study results regarding the BIC and BA (Table 1) after 18 days of stress, displayed worsening (p<0.05) of both evaluated indicators. After 33 days, the BIC and BA exhibited no significant differences (p>0.05) between the groups (Figure 4) . 4 -Photograph of histological sections demonstrating differences according to the experimental times. Presence of intense infiltrated inflammatory and neoformation of woven bone in the tissues surrounding of the dental Implant in CG18 -Control Group analyzed in 15 days without stress; The SG -Stress Group with application of 12 hour/ day stressing, during 15 days has late in woven bone and more infiltrated inflammatory surround of tissue neoformation dental implant. CG33 and SG33, The areas intense stains indicate newly formed compact bone. The remodeling activity is marked in areas both adjacent to the pitch of the turns of the dental implant -Original mag. x16.and within the parent bone.
The cortisone measurement results (Table 2) for the experimental period of 18 days and 33 days were significantly higher in the SG than in the CG (p<0.05). Regarding the weight difference of the animals (Table 2) , there was no significant difference (p>0.05) between the SG and the CG at 18 days.
However, at 33 days, there was a greater loss of body mass in the SG, with a significant difference (p<0.05).
Discussion
It was expected that stress would delay the repair after 18 days and after 33 days. However, the results of this paper revealed worsening of the osseointegration process in animals that were subjected to stress at 18 days and no comparative difference in the osseointegrative bone formation at the 33-day experimental period. The tissue repair rate is influenced by determinants such as chronic stress and acute stress 8 . The influence of highintensity, chronic stress such as that induced in this study 17 worsens the healing of still immature tissue, as was the case after the experimental period of 18 days found in this study. Stress, in these conditions may have caused a reduction in the formation of the bone matrix, osteoblasts, and collagen fibers 18 . A determining factor in the bone formation rate is linked to pro-inflammatory interleukins 19 , which exhibit more intense activity during the early stages of the repair process, including the activation of the base formed by fibroblasts, which in turn synthesize collagen, a key element in the formation and organization of the connective tissue of the jaws.
The results of the present study reveal that the group without stress (control group) displayed areas where the inflammatory cellular process was already reduced and that there was bone formation between the implant threads. The test group subjected to the stress trials exhibited a delay in repair process, an increased inflammatory infiltrate, a lower BIC surface area, and a lower BA formed within the limits of the implant threads at 18 days. The results observed at 33 days, there was newly formed bone in both groups, with no significant differences 9 .
The experimental time used in this paper were chosen for fetching, as the described hypothesis, an understanding aboust the effect of chronic stress on the osseointegration in a period in which the bone is still maturation bone (18 days) 1,9 9,1 and other already mature (33 days) 9, 12 . 18 and 33 days and weight difference at 18 and 33 days (n=7). *Statistically significant difference (p<0.05) between the amount of cortisol hormone during the 18 day experimental period for the CG and SG. ** Statistically significant difference (p<0.05) between the amount of cortisol hormone during the 33 day experimental period for the CG and SG. *** Statistically significant difference (p<0.05) for the difference between the initial and final weights at 33-day experimental time points for the CG and SG. CG -control group; SG -stress group; (+) -standard deviation. (Student's t test for independent samples -p<0.05).
In this way, the results observed in the present study suggest that chronic stress did not influence osseointegration at 33 days when compared with the control group. As indicated by the literature, after a repair period of 28 days, pro-inflammatory interleukins such as IL1B and IL6 do not appear to influence the inflammatory stage of repair 14, 20, 21 .
Another noteworthy issue is that after 33 days of stress, the animals may have adapted to the stress model 22, 23 , although the cortisol levels measured suggest the opposite, as the biochemical results presented in this study. Studies using physical restraint for 12 hours as an experimental model to induce stress are not a recent development 24, 25 . . It is currently understood that for successful implant dentistry, certain criteria must be met, including an atraumatic surgical technique, primary stability, implant selection, the quality and quantity of bone 27 , periodic preventive maintenance, and knowledge of the physiological and/ or pathological changes in preexisting conditions 28 . The latter may involve stress.
As has been demonstrated in the results of this study, chronic stress can affect the initial repair process in rat mandible; therefore, it seems plausible that research on human seek to determine whether patients undergoing chronic stress could suffer interference in the initial stages of osseointegration.
Some methodological items are relevant and deserve to be highlighted. The histometric assessment (BIC and BA) adopted is well known and widely used by various research groups 30 .
The selection of implants was based on several anthropometric pilot studies in animals. Based on this anatomical knowledge, we sought to establish a surgical technique for assessing the animals' survival and other changes, as necessary. A different approach to that presented in the literature was thus defined. The procedure in this study was performed by the extraoral route, which was followed by emptying the mandibular canal and inserting the implant into the canal lumen. This technique is quite different from other methods used in the oral cavities of rats 9,10-12 .
The size of the implants in the literature was 1.15mm in diameter and 3mm in length 9, 12 . When contacted, the manufacturer revealed that implants with the above-cited diameters could not have been subjected to surface treatment. Implants of 2.2mm diameter and 4mm length were therefore produced. This procedure caused the teeth to make contact with the final third of the implant apex, which led to the formation of soft tissue, but that outcome was not the object of analysis, as a standardized area (distance among four implant threads) was determined for all implants in the middle and cervical third.
Given the above discussion, it is clear that this methodology is still incipient and should be interpreted with caution. However, these findings indicate that the placement of implants in this region is feasible for rat models and, when associated with stress studies, may help to clarify the information gathered through further research.
Conclusion
Chronic physical stress interfere with the initial stage of osseointegration in the rat mandible, but not the final process.
